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A C C E P T E D M A N U S C R I P T 5 the infraslow frequencies (0.01 to 0.1Hz) of the brain's neural activity (24, 33) . Recent findings suggest that the fluctuations in these infraslow frequencies are not mere noise but can be characterized by a certain temporal structure with long-range temporal correlations (LRTCs) (26, (34) (35) (36) (37) (38) (39) . The LRTCs describe the relationship in power between different frequencies, with slower frequencies showing more power than faster ones.
LRTCs are the manifestation of the brain's activity invariance across different temporal scales (40) . This "scale-free" structure allows to describe dynamics characterized by selfsimilarity, long memory, and power law distributions, where the pattern observed in a specific scale resembles to the ones found in different temporal scales (41, 42) . This fundamental property can be represented plotting frequencies and respective powers of a BOLD time series on the two axes of a graph: the obtained curve (i.e. "power spectrum") will describe the relationship between frequency and power, being similar to an exponential in which lower frequencies show greater power than faster ones. An exponential curve acquires the shape of a line when the values in both frequency and power axes are converted into logarithms. The slope of this line can be measured by the so-called Power-Law Exponent (PLE), in which the power spectrum follows a power-law (P ∝ 1/f β ), where β indicates the PLE (35, 40) . PLE is directly proportional to the LRTCs: higher PLE correspond to stronger LRTC in the infraslow-frequency BOLD fluctuations (34, 36, 37) .
1.1 Scale-free activity, PLE, and the brain.
Scale-freeness is observed in a wide variety of natural systems (43) . In the human brain, scale-free dynamics alterations have been related to several behavioral and neurological conditions such as Alzheimer's disease (44, 45) . Concerning specific psychiatric conditions, structural MRI studies reported differences in the gray matter organization as indexed by scale-free geometry in schizophrenia and bipolar disorder (46, 47) , as well as in ASD (48) .
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A C C E P T E D M A N U S C R I P T 6 Only in the last years few initial studies focused on comparing scale-free activity between neurotypical subjects and psychiatric patients. If on one hand resting state fMRI analyses showed altered levels of complexity in schizophrenia (49, 50) and in children with ASD (51) , on the other no study measured scale-free activity as indexed by PLE in neither schizophrenia nor ASD.
What has been demonstrated in neurotypical subjects is that the resting state's temporal structure, as indexed by the PLE of the infraslow frequencies fluctuations, is not uniform among the various regions and networks (36, 52) . For instance, networks like DMN and SN show rather strong power in infraslow frequency fluctuations and thus a high PLE (26) .
Interestingly, scale-free activity in both SN and DMN has been associated with the psychological construct of the sense of self (53) (54) (55) . Since ASD shows both abnormal sense of self with inflexible behavior (56, 57) as well as FC changes in DMN and SN (see above), an abnormal temporal structure, i.e., PLE, in these regions and networks could be hypothesized.
The resting state's temporal structure with its power spectrum and scale-free activity needs to be distinguished from yet another temporal feature of the brain's spontaneous activity, namely temporal variance. Temporal variance concerns the variability in the amplitude of the neural activity as measured in fMRI, i.e., neural variability (58) . Neural variability can be measured as the standard deviation (SD) of the amplitude (59) and remains different of the PLE (60) . Most interestingly, recent findings show abnormalities in the SD in other psychiatric disorders like bipolar disorder (61, 62) . However, as in the case of the resting state's temporal structure, i.e., PLE, the temporal variance of the resting state, as indexed by SD, remains to be investigated in high-functioning adults with ASD.
Primary aim.
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The primary aim of the present study consisted on investigating the resting state's temporal structure, i.e., PLE, in adults with high-functioning ASD. 
Secondary aims
Since most of the FC findings in previous ASD literature were obtained in three core networks, (DMN, FPTC and SN) (14, 17, 19, 21, 29, 63, 64) , we focused PLE analyses on those networks. Given the established interaction between functional connectivity (FC) and
other measures of the scale-free dynamics (65), FC was included as a control analysis in order to explore its relationship with PLE.
We planned to replicate possible positive findings, performing the same analyses in another group of high-functioning ASD patients. Moreover, to allow for clinical or diagnostic specificity, we also performed the same analyses in a group of schizophrenic patients.
In addition to PLE, we calculated another frequency domain measure, namely Spectral Entropy (SE). Like PLE, SE indexes temporal structure of the fMRI signal but focuses more on the degree of order or disorder among the various frequencies in the power spectrum (66) (67) (68) 
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8 specificity of PLE and SE and differentiate temporal structure from temporal variance we also calculated SD.
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All the recordings were collected in accordance to the Declaration of Helsinki.fMRI data analysis
Preprocessing
Preprocessing steps were implemented in AFNI (http://afni.nimh.nih.gov/afni, Cox 1996).
Preprocessing steps were adopted to maximize the conformity with previous studies ( 
Power-law Exponent
PLE is considered a suitable measure for the scale-free dynamics of fMRI data, as it gives specific information on the relationship between slower and faster frequencies with low computational cost (35) (36) (37) . Among the different methods for computing fMRI time series 
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Control analyses
Positive results in the main sample were tentatively replicated in the other samples.
The present study includes the following control analyses:
1) In addition to the standard Hamming Window (HM) of 7, we applied different HM (3 and 11) on the PLE calculations of the main sample to test whether the PLE values in SN, DMN, and FPTC could be affected by different smoothing parameters.
2) SD describes the temporal variance of brain activity across time within a particular region (58) . A recent study showed how PLE and SD are correlated in the awake individual, but not when the subject is anesthetized (60) . Thus, the PLE increase in SN observed in our sample may have been related to variations of the SD. To further clarify whether the increase was specific for PLE (rather than SD), SD was also
ACCEPTED MANUSCRIPT
A C C E P T E D M A N U S C R I P T
12 performed as specificity control. It was calculated extracting the standard deviation of the BOLD signal change across the averaged time series of all voxels in the SN (72) .
3) To further validate the PLE results in SN, we used the spectral entropy (SE). First, Fast Fourier Transform was applied in each voxel of interest of the fMRI signal. After computing the power spectrum density for SN and averaged it across voxels, it was normalized in all the frequency range. Thus, the resulting function can be interpreted as a probability density function (68) . Finally, SE can be defined as follows:
where M is the number of samples of the power spectrum in that frequency range and PSD n represents the normalized power spectral density as function of the frequency.
To independently calculate SE from PLE we used customized scripts from a different software (Matlab, version 2017b) to perform this analysis. This is the first study in our knowledge to apply SE to fMRI power spectra in ASD. 
Statistical analyses
Statistical analyses included t-test for the measure of PLE differences between typically 
PLE and SD in ASD
In a first step, we calculated PLE and SD for the different networks (SN, FTPC, and DMN) in ASD and TYP. This yielded significantly higher PLE in SN (but not in FTPC and DMN) ( Figure 1a and Table 2 ) in ASD when compared to TYP (Figure 1b ). Moreover, our findings show that, unlike PLE, SD was not increased n ASD when compared to TYP (Figure 1c ; see below for more details).
The representation of the power spectrum shows that ASD subjects exhibit significantly more power in the very slow frequency ranges, thus the power in the slower ranges predominates (relatively) over the power of faster frequencies (Figure 1d ). Finally, as in a previous study on healthy subjects (53), we observed marked inter-individual differences in the power spectrum in both ASD and TYP (Figure 1d ). averaged for all subjects are shown. In the two graphs on the right, power spectra are plotted for each subject.
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Replication of PLE in ASD and control in schizophrenia
In order to replicate the positive findings from the first ASD sample, a second ASD dataset was used. We could again observe increased PLE in SN in this second ASD group with similarly increased power in the slower frequencies (Figure 2a ). Moreover, we investigated a sample of schizophrenic patients for clinical specificity, which did not show any abnormal PLE changes in SN (Figure 2b ).
Figure 2: On the left, violin plots show PLE differences in SN between groups. A)
neurotipical (TYP) versus autistics (ASD). B) TYP versus schizophrenics (SCH). On the left, power spectra averaged for all subjects are shown.
Next, we investigated PLE in SN subregions. We observed statistically significant increased PLE in the dorsal anterior cingulate cortex (dACC) in ASD in both main and replication samples (Figure 3a ). Left insula also showed increased PLE, although this result was not replicated in the control sample. We also tested diagnostic robustness of PLE to predict individual cases in SN, and dACC with ROC curves, which yielded AUCs higher than 0.7 ( Figure 3b ). (Table 1s ).
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B) Receiver
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Operating Characteristic (ROC) curves for SN and dACC show fair levels of diagnostic discrimination (AUC = Area Under the Curve).
Control analyses
1) To test for the scale-free nature of our data, we calculated the fraction of the synthetic time series deviation of the residuals from best fit (75) ; this turned out to be larger than the original deviation of residuals from best fit of the fMRI time series which indicates the scale-free nature of our original fMRI series in all our groups (p > 0.1 for all groups, exact values reported in Inline Supplementary Materials).
2) We investigated PLE in three different HW (3, 7, 11) in ASD which revealed similar PLE results in ASD in all three window sizes ( Table 2) 
. Only PLE in SN survived
Bonferroni correction in all of the HW sizes whereas that was not the case for the PLE in DMN and FPTC, which therefore were not considered in subsequent analyses.
3) SE analysis confirmed PLE results in SN. As expected, on the basis of the increased PLE, ASD subjects (in both samples) showed significantly decreased SE (main sample: mean difference = -0.150; p = 0.024; control sample: mean difference = -0.196; p = 0.009) (Figure 4a and 4b) . In contrast, no significant difference in SE was found between schizophrenia and TYP (mean difference: 0.009; p > 0.1). As hypothesized, SE negatively correlated with PLE ( Figure 4c ). This indicates that the increased power of the slower frequencies (relative to faster frequencies) as measured by PLE, leads to decreased disorder among the different frequencies as measured by SE. showing strong anti-correlation between PLE and SE values (all subjects were considered).
4) Neuronal variability (SD) in SN did not show any significant change in ASD when
compared to TYP (mean difference = 0.21, p > 0.1). Hence, the increased PLE in SN in ASD is neuronally specific as it goes along with normal SD values in SN (Figure 1c ).
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22 5) As a control analysis, we investigated FC and its relationship with PLE. dACC was eligible as seed region as it showed marked and replicable PLE alterations in both ASD samples as shown in Figure 3 . Connectivity between dACC and the three networks which were initially considered (SN, DMN, FPTC) Materials, table 4s ).
6)
We tested for the impact of medication on PLE in ASD. For the main ASD sample, no difference in PLE of SN was found between medicated (antidepressant) and medicationfree ASD (mean difference: 0.109, p > 0.1). For the schizophrenia group no correlation between medication dosage (as measured by olanzapine equivalent; (80)) and PLE was found in SN (Spearman's rho = -0.22; p > 0.1).
7)
No correlation between PLE and symptoms as measured by ADOS-2 was found (p > 0.05 for all the Pearson's rho).
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Discussion
The present study investigated BOLD spontaneous activity's temporal structure (as with PLE and SE) and temporal variance (as with SD) in high-functioning ASD adults when compared to both schizophrenic and typically developing subjects (TYP). Using resting state fMRI, our main result showed increased PLE within SN (but not in DMN and FPTC) in the main ASD group when compared to TYP. This result was replicated in a second independent ASD sample collected with a different fMRI scan and scanning parameters. Conversely, PLE was unaltered in the schizophrenia sample. The increase in PLE is determined by the fact that ASD subjects exhibit increased power in the very slow, (i.e., infraslow) frequencies in SN.
The finding of increased PLE in ASD was further supported by the parallel reduction of SE in SN in the same patient sample.
Taken together, our results showed abnormal predominance of slow frequencies in SN in adults with high-functioning ASD. These findings are neuronally specific for PLE as another determinant of the power spectrum (neural variability/SD) did not show any variation compared to the TYP group. The link between PLE and ASD could not be described or explained by FC due the negativity of the FC finding and the absence of a correlation between these two measures. Moreover, increased PLE in SN is clinically specific as it was not observed in schizophrenia. Due to such neuronal and clinical specificity, these SN power spectrum abnormalities may represent a potential biomarker for high-functioning ASD in adulthood. This is supported by the fair level of discrimination that PLE values reached in the ROC curves for both SN and its subregions.
Abnormally strong slow frequency power in Salience network
We observed increased PLE in ASD, specifically in SN. SN is involved in attributing salience to stimuli as well as in connecting or linking intero-and exteroceptive stimuli from body and
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24 world (81). The strong increase in slower frequencies' power in ASD (as measured by PLE) and increased regularity and order (as measured by SE) suggests that salience attribution is dominated by slower rather than faster frequencies in ASD.
The abnormal predominance of slow frequency power in SN may predispose ASD subjects to rely on different temporal patterns when processing the salience of environmental events and integrating exteroceptive and interoceptive stimuli. This is well in accordance with clinical practice which reported that ASD patients are rather inflexible in their behavior. For instance, they show difficulties when asked to quickly answer to unexpected events or new situations (82) are extremely slow in adapting to variations of the daily routine (83) , and show qualitative alterations in perception of both time flow and time structure (84) . For instance, behavioral studies such as the Wisconsin card sorting task (one of the most reliable tasks assessing cognitive flexibility) robustly showed slower switching rates and increased error ratios in ASD subjects (85) , thus confirming the observations during real-life conditions.
Combined behavioral and fMRI experiments would be required to further validate this hypothesis. Tentatively, SE allows to formulate additional cues for hypothetical future studies: as the increased order or regularity (SE) implies the power of the signal being represented within a narrower frequency band (see lower frequencies increased power in Fig.   1D ), this feature may translate into an abnormally strong salience attributed to highly selective events/objects in the environment, while others are excluded. This can indeed be observed in ASD and is a clinical hallmark in high-functioning patients (86) .
Increased slow frequencies in Anterior Cingulate and Behavioral inflexibility
Since SN showed significant PLE differences, we also investigated the various subregions within SN with regard to their PLE. This revealed a most consistent PLE increase in specifically dACC in ASD samples. Previous ASD literature showed that increased rigidity
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25 of the dACC functionality in task (i.e. rigid hyper-or hypo-reaction) is related not only to decreased response inhibition (87), but also to impaired social cognition (7) . As the resting state reflects the neural predisposition of the subject's behavior (25, 88, 89) , an increase in PLE (i.e. a shift towards slower frequencies) of dACC spontaneous activity may predispose to rather slow/rigid behavior resulting in decreased behavioral flexibility (90) (91) (92) (93) .
Interoceptive/exteroceptive binding and emotions in ASD: a possible role of the Insula?
Insula is deeply involved in the integration of intero-and exteroceptive stimuli, and PLE in that region strongly diverged from neurotypicals in the main ASD sample of our study. Even though the finding was not replicated in the second sample, an excessive relative power of the lower frequencies within the insula may further alter the subjective experience of the individual for two main reasons. First, ASD subjects not only show altered perceptual modalities, but also dramatically increased temporal binding windows when integrating cardiac (interoceptive) and auditory (exteroceptive) stimuli (94) . A larger temporal binding window would fit with the slower cycles which characterize ASD' temporal structure (see Spatiotemporal Psychopathology in section 4.5). Second, insula is involved with emotional processing by translating especially interoceptive stimuli into a more cognitive context (95, 96) . A tentative association can thus be made between slower cycles in infraslow insular frequencies and the impaired ability to adapt to the emotional context in ASD.
Methodological issues
Based on our findings, an increased PLE in dACC is related to the diagnosis of ASD in both the samples we selected. The exact nature of this bond yet remains unknown. Hopefully, future studies combining both resting state and task-evoked activity probing for behavioral flexibility (97) will provide empirical support to our hypotheses and/or reveal the neurobiological bases on which both fMRI features and clinical phenomena may rely.
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Several methodological factors need to be considered in order to carefully interpret our data.
One such issue is the specificity of the respective resting state measures. We demonstrated that ASD subjects showed abnormalities in the measures of temporal structure like PLE and SE, with the latter confirming the former. In contrast, no effects were observed in neural variability (SD) as measure of temporal variance. As PLE differences are not followed by differences in SD, we assume that there is neuronal specificity of measures indexing temporal structure (PLE, SE) as distinguished from measures indexing temporal variance (SD) that may characterize other psychiatric disorders like bipolar disorder (61, 62) . Moreover, we included schizophrenia in our analyses as it is closely related to ASD from a clinical (4) and a neurobiological (98) point of view. We showed that the abnormalities in PLE and SE were only observed in ASD, but not in schizophrenia. PLE and SE may thus be markers that are specific for ASD as distinguished from schizophrenia.
Even though the diagnostic sensitivity/specificity reached fair levels of accuracy (similar to data from Uddin and colleagues, 2013), we could not find any correlation of PLE/SE with clinical symptoms. The lack of PLE-symptoms correlation maybe partially due to the clinical heterogeneity of the inter-individual phenotype, which is a key aspect of ASD (99, 100) .
Neuronally, inter-individual variability may, in part, be based on the crucial role exerted by SN in balancing multiple functions in both task-positive and task-negative networks (101, 102) . As also suggested by the fair level of diagnostic discrimination of ASD subjects ( Figure   3b ), a basic alteration of SN temporal structure may thus be a common neural substrate influencing ASD rigidity across different clinical domains (such as motor, emotional, cognition, and social domains) rather than being related to a specific category of symptoms.
Future research on brain scale-free dynamics, including extended batteries of clinical and phenomenological questionnaires, would greatly help to shed further light on the relevance of the abnormal resting state's temporal structure in ASD.
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Conclusions
This is the first study reporting abnormally high scale-free activity in salience network in adults with high-functioning ASD, as distinguished from schizophrenia. Our findings showed that the spontaneous activity's temporal structure (rather than its temporal variance) in adults with high-functioning ASD is abnormally tilted towards the more powerful slow frequencies at the expense of faster frequencies in SN. Any kind of stimulus being either of internal (reflecting internal cognition) or external origin (related to perception) must be processed by and through the brain's spontaneous activity. The integration of internal and external stimuli (in which SN exerts a pivotal role) should be consequently affected by the resting state's altered temporal structure. Following the increase of PLE with stronger power in the very slow frequencies, one would expect stimuli processing in SN to be more affected by slower but powerful cycles (like a slow but powerful wave in the ocean). This may in turn produce a slow but extremely powerful and strong attribution of salience to the stimulus. Ultimately, it would be harder for the autistic patient to communicate and relate to the outside world, as she/he will have difficulties in re-focusing or switching salience attribution from one stimulus to another. Hypothetically, this points out that prominent symptoms in ASD like slow adaptation and inflexible behavior to changes in environmental contexts may have a temporal (rather than primarily cognitive) basis. This interpretation is in line with the recently introduced "Spatiotemporal Psychopathology" (103, 104) . 
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